Selbyana 13: 25-34 


COMPOSITION AND DISTRIBUTION OF THE 
VASCULAR EPIPHYTE FLORA OF AN ECUADORIAN 
MONTANE RAIN FOREST 


ANDERS BOGH 


Botanical Institute, Aarhus University, Nordlandsvej 68, 
DK-8240 Risskov, Denmark 


ABSTRACT. Ina 175 m? sample plot of montane rain forest at 2,900 m elevation in southern Ecuador, 
a total of 33 families, 138 species and 3,454 stands of vascular epiphytes was found. Orchidaceae, Bro- 
meliaceae, and Hymenophyllaceae were the most important families in terms of species richness, cover, 
and density. Epiphytic individuals of species that are normally terrestrial contributed greatly to the diversity. 
Most species had a narrow vertical distribution that in some cases was related to substrate preferences. 
Compared to lowland forests, the epiphytes in the montane forest had: higher density; a more even vertical 
distribution of abundance and diversity; and less pronounced dependence on humus accumulations. 


Composición y distribución de las epífitas vasculares en un bosque montafio al sur de Ecuador. 


RESUMEN. En una parcela de 175 m? en un bosque húmedo montafio a 2,900 m.s.n.m. en el sur del 
Ecuador se encontraron en total 33 familias, 138 especies, y 3,454 individuos des epífitas vasculares. Las 
familias más importantes en cuanto al nümero de especies, cobertura, y densidad fueron Orchidaceae, 
Bromeliaceae, Hymenophyllaceae, Dryopteridaceae, Polypodiaceae, y Ericaceae. Individuos epifiticos de 
especies que normalmente son terrestres, contribuyeron con mucho a la diversidad. La mayoría de las 
especies presentaron una distribución vertical estrecha que, en algunos casos, estuvo relacionada con las 
preferencias de sustrato. En comparación con los bosques de las tierras bajas, las epífitas de los bosques 
montafios tienen una mayor densidad, su distribución vertical de diversidad y abundancia fue mas pareja, 


y su dependencia en acumulaciones de humus fue menos pronunciada. 


INTRODUCTION 


Mid-elevation neotropical montane rain for- 
ests support the most abundant and species rich 
vascular epiphytic vegetation in the world (Mad- 
ison, 1977; Gentry & Dodson, 1987). Several 
studies at altitudes between 500 m and 3,300 m 
support this claim (Grubb et al., 1963; Sugden 
& Robins, 1979; Cleef et al., 1984; Catling & 
Lefkovitch, 1989). According to these studies, 
maximum diversity values ranged from 24 to 91 
species in sample plots of varying sizes at 1,700 
m to 2,350 m. Maximum values for cover and 
density were found at similar altitudes. 

Vascular epiphytes have specific vertical dis- 
tribution patterns, and these patterns probably 
reflect different tolerances to light and humidity 
conditions (e.g., Schimper, 1888; Pittendrigh, 
1948; Grubb & Whitmore, 1966; Johansson, 
1974; ter Steege & Cornelissen, 1989). In lowland 
forests, the most abundant and species rich vas- 
cular epiphytic flora has been found on humus 
accumulations in forks or on large branches of 
the lower canopy (Johansson, 1974; ter Steege & 
Cornelissen, 1989). The ability of such humus 
deposits to buffer fluctuations in the humidity 
available to epiphytes, and their role as sources 
of mineral nutrients has been emphasized by 
Benzing (1987, 1989). 


The purpose of this study was to quantitatively 
describe the composition and distribution of the 
vascular epiphytic flora of a montane rain forest 
in Ecuador, with special reference to vertical dis- 
tribution and substrate preferences. 


STUDY SITE 


The study plot was located 15 km south of 
Loja in southern Ecuador at 2,900 m, ca. 4 km 
east of Nudo de Cajanuma (79*10'W, 04°05’S). 
The plot (hereafter referred to as the Cajanuma 
plot) was located in undisturbed forest on a SW 
facing slope with 15% inclination, just north of 
the “Centro de Información" of “Parque Na- 
cional Podocarpus.” 

Annual precipitation in the area is 2,000—4,000 
mm, with a relatively dry period from July 
through September and a relatively wet period 
from February through April (Apolo, 1984). 
Easterly winds prevail, and since the study site 
is located on a leeward slope 300 m below the 
mountain ridge, it is probably subject to a slight 
rain-shadow effect. Precipitation thus falls at the 
lower end of the quoted range, but the frequent 
occurrence of fog, for which no quantitative mea- 
sures are available, may be more important for 
the epiphytic vegetation (Grubb & Whitmore, 
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Height zones drawn schematically. Zone 1 — 0.25 to 3 m above the forest floor. Zone 2 — the 


trunk from 3 m above the forest floor to the first major branches. Zone 3 — large branches. Zone 4 — medium- 
sized and thin branches. Zone 5 — twigs. Note that not all trees have a zone 2 and that all sizes of branches can 


occur in zone 1. 


1966). Mean annual temperature at the study site 
is ca. 11°C (Christensen, 1989). 

According to the definition of Holdridge et al. 
(1971) this forest is a typical montane rain forest. 
It is relatively species-rich and has an irregular, 
10-12 m high canopy, with few trees reaching a 
height of 15 m. Trunks and branches incline at 
all angles, and gaps created by fallen, still vig- 
orously growing, trees are common. Herbaceous 
climbers and parasitic shrubs (Loranthaceae) are 
conspicuous in the canopy. A dense undergrowth 
(predominantly Chusquea (Poaceae) species) oc- 
casionally forms a second canopy layer about 3 
m above the forest floor. Epiphytic orchids, ferns, 
and bromeliads, as well as non-vascular epi- 
phytes, abound. 


MATERIALS AND METHODS 


Field work was conducted from September 
through November 1989. Ina 5 m x 35 m sam- 
ple plot, all living trees with a diameter 25 cm 
(measured 1.3 m above the base) were sampled. 
In total, 39 trees of varying sizes rooted within 
the 175 m? area were examined. Each tree was 
divided into five zones following Johansson 
(1974) (FIGURE 1). Due to the irregular structure 
of the trees, branches of all sizes were present in 
zone 1, and some trees did not have all five zones. 

For each tree and height zone, the following 


information was recorded for each species of vas- 
cular epiphyte: number of stands, cover, height 
above forest floor, and substrate. A stand was 
defined as a compact group of plants well-sep- 
arated from conspecifics (Sanford, 1968). Cover 
was estimated as a projection of the area covered 
by a stand upon the plane of the surface of the 
supporting tree limb. Substrates were divided into 
the following categories: bark (bark surface either 
completely bare or covered by mosses and li- 
chens with only slight humus accumulation); mi- 
nor humus deposits (humus deposits less than 5 
cm thick); large humus deposits (deposits more 
than 5 cm thick). 

Based on definitions given by Kress (1986), 
the epiphytes were divided into the following life 
form categories: 1) True epiphytes (t, species that 
normally spend their entire life span as epi- 
phytes); 2) primary hemi-epiphytes (ph, species 
that germinate on trees and later establish root 
contact with the ground); 3) casual epiphytes (ca, 
species that can complete their life cycles either 
as terrestrials or epiphytes); 4) parasites (pa, spe- 
cies with direct vascular contact with living host 
tree tissue); and 5) accidental epiphytes (ac, spe- 
cies that are normally terrestrial and are found 
growing epiphytically only as juveniles). 

All vascular plants growing epiphytically were 
sampled, including parasites and immature ter- 
restrials. Only seedlings that were less than 3 cm 
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tall were disregarded. To reduce difficulties in 
determining whether a particular plant was root- 
ed in the ground or on a tree base, the basal 25 
cm of the trees was not surveyed. 

Access to the canopy was achieved with a lad- 
der, and specimens which were beyond reach 
were collected using a long tube with hooks. In- 
accessible branches were examined with binoc- 
ulars. Collected specimens were identified and 
deposited at AAU (APPENDIX 1). Due to difficul- 
ties in determining sterile specimens, the number 
of species reported should be regarded as mini- 
mal. The number of species in the genera An- 
thurium, Odontoglossum, Oncidium, Pleurothal- 
lis, and Stelis are likely to be somewhat 
underestimated. 

Importance value indeces (IVI) (Curtis & Mc- 
Intosh, 1951) have been calculated for all species 
as the sum of the relative density, the relative 
cover, and the relative frequency (percentage of 
trees on which an epiphyte species occurred). 
Family importance values (FIV) (Mori et al., 
1983) have been calculated as the sum of the 
relative cover, relative density, and relative di- 
versity (percentage of the total species number 
belonging to a particular family) for all true epi- 
phytes. 

Vertical distribution ofthe 53 species with more 
than 10 stands (i.e., relative density 20.2996) was 
analyzed using the computer program TWIN- 
SPAN (Hill, 1979). Each height zone on an in- 
dividual tree was considered a separate subplot. 
The relative cover and the relative density was 
calculated (percentages of the total) for all species 
present in the subplot. Half of the sum of the 
relative cover and relative density values were 
used in the analysis. The program was run with 
default cut levels (2, 5, 10, 20, 40). 


RESULTS AND DISCUSSION 
Composition and Abundance 


All epiphytic taxa on the surveyed trees are 
listed in APPENDIX 1 with their life form, relative 
density, relative cover, relative frequency, and 
IVI. In total, 3,454 stands, with a cover of 46.4 
m^, and 138 species representing at least 33 fam- 
iles and 57 genera, were found. If accidental 
epiphytes are excluded, there were 3,379 stands, 
with a cover of 46.0 m?, 104 species, 36 genera, 
and 15 families. Among the true epiphytes, pte- 
ridophytes accounted for 6 families, 9 genera and 
33 species; monocotyledons for 3 families, 17 
genera, and 57 species; and dicotyledons for 6 
families, 11 genera, and 14 species (APPENDIX 1). 
Unless specified, the term epiphyte will hereafter 
be used to designate only true epiphytes. 

The Orchidaceae vastly surpassed all other 
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TaBrE l. The families of true epiphytes listed in de- 
creasing order of Family Importance Value (FIV, 
calculated as the sum of relative cover, relative 
density, and relative diversity). 








Rel. 
Rel. Rel diver- 
cover density sity 
(%) (%) (%) FIV 

Orchidaceae 24.43 52.44 45.71 122.59 
Bromeliaceae 25.47 9.56 5.71 40.74 
Hymenophyllaceae 15.15 3.28 6.67 25.10 
Polypodiaceae 3.19 7.66 11.43 22.29 
Dryopteridaceae 6.94 7.55 7.62 22.10 
Ericaceae 11.04 3.05 6.67 20.75 
Vittariaceae 0.86 7.93 0.95 9.75 
Araceae 4.985 0.74 2.86 8.55 
Aspleniaceae 0.98 5.47 0.95 7.41 
Loranthaceae 5.26 0.09 1.90 7.25 
Piperaceae 0.89 1.04 2.86 4.78 
Lycopodiaceae 0.13 0.12 3.81 4.06 
Clusiaceae 0.17 0.77 0.95 1.89 
Araliaceae 0.44 0.24 0.95 1.63 
Solanaceae 0.10 0.06 0.95 1.11 


families in FIV (TABLE 1). It was followed by 
Bromeliaceae, Hymenophyllaceae, Polypodi- 
aceae, Dryopteridaceae, and Ericaceae. 

Within the Orchidaceae the subtribe Pleuro- 
thallidinae, represented by the genera, Lepanthes 
(6 spp.), Masdevallia (3 spp.), Pleurothallis (7 
spp.), Stelis (8 spp.), and Trichosalpinx (2 spp.), 
accounted for 26 species. Among the ferns, the 
most important genera were Elaphoglossum (9 
spp.), Grammitis (8 spp.), and Hymenophyllum 
(6 spp.). No other genus was represented by more 
than four species. 

Total epiphyte species diversity in neotropical 
montane forest plots ranges between 9 and 181 
(Grubb et al., 1963; Sugden & Robins, 1979; 
Gentry & Dodson, 1987; Catling & Lefkovitch, 
1989). The total of 104 species found in the pres- 
ent study falls within this range, but at altitudes 
similar to the Cajanuma plot, 68 species (Catling 
& Lefkovitch, 1989; 2,225 m) and 15 species 
(Sugden & Robins, 1979; 3,070 m) have been 
recorded. Compared to these figures, the diver- 
sity at Cajanuma is very high. However, as noted 
by Gentry and Dodson (1987), the epiphytic flora 
is influenced by complex interactions of moisture 
and altitudinal effects. This, and the fact that the 
diversity figures were registered in plots of vary- 
ing sizes, makes meaningful comparisons diffi- 
cult. 

One difference between neotropical epiphytic 
floras at high and low altitudes is the prepon- 
derance of Pleurothallidinae (Orchidaceae) spe- 
cies at high altitudes (ter Steege & Cornelissen, 
1989). At Cajanuma, the Pleurothallidinae ac- 
counted for 19% of the total species diversity and 
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FiGURE2. Examples of vertical distributions of in- 
dividual species. Vertical axes show height above forest 
floor. Horizontal axes show percentages of the number 
of stands (number of individuals in parentheses). 


38% of the density. The genus Stelis alone ac- 
counted for 2896 of the density. 

Although quantitative comparisons of density 
are hampered by difficulties in defining stands in 
an objective manner, it is evident that the density 
of 1,973 stands per 100 m? in the Cajanuma plot 
is high. At altitudes similar to the Cajanuma plot, 
Sugden and Robins (1979) documented a density 
of 123 and 143 stands in two 100 m? plots. How- 
ever, the effect of altitude was difficult to separate 
from climatic effects. One hundred square meter 
plots at more humid sites at lower altitudes con- 
tained up to 4,632 epiphyte stands. 


Vertical Distribution 


The TWINSPAN analysis identified three ma- 
jor groups of subplots, which reflected vertical 
differences in the composition of the epiphyte 


[Volume 13 


vegetation. These results are summarized as fol- 
lows: 

Section 1 (division level 1, eigenvalue: 0.66): 
Tree bases (zone 1) were characterized by small 
ferns (e.g., Asplenium cuspidatum, Elaphoglos- 
sum cf. lloense, Hymenophyllum fucoides and 
Vittaria remota), the large bromeliad Guzmania 
gloriosa, Stelis sp. 1 and other orchids, and var- 
ious accidental epiphytes (e.g., Myrsine sp.). 

Section 2 (division level 3, eigenvalue: 0.42): 
Trunks and major branches (zones 2 and 3) were 
inhabited by numerous orchid species and ferns 
of more xerophytic appearance than those from 
zone 1. Tillandsia spp. and Vriesea sp. were also 
common. 

Section 3 (division level 3, eigenvalue: 0.42): 
Minor branches and twigs (zones 4 and 5) sup- 
ported fewer species, chiefly bromeliads. Except 
for Grammitis sp. 1, ferns were absent. Rela- 
tively few orchid species occurred here, and they 
were not always present (e.g., Maxillaria alpes- 
tris, Maxillaria sp. 5, Stelis spp. 3 and 4, and 
Orchidaceae sp. 5). The vertical distribution of 
individual species was not revealed by this coarse 
division into sections. With a few exceptions, 
species had narrow vertical distributions (FIGURE 
2). 

Due to the heterogeneous structure ofthe trees, 
some of the subplots were small (e.g., a single 
branch) and contained very few epiphyte species, 
with high relative abundances. Such subplots had 
diverging species compositions and were disre- 
garded in the interpretation of the results. 

Floristic gradients resembling those demon- 
strated in the present study have been reported 
previously (Johansson, 1974; ter Steege & Cor- 
nelissen, 1989). However, I found the greatest 
diversity and abundance on the tree bases rather 
than on large branches in the canopy, as reported 
by these authors (FIGURE 3). The light regimes 
in a montane forest were studied by Grubb and 
Whitmore (1967), who found that light penetra- 
tion was not the most important reason for the 
abundance of epiphytes found near the ground. 
The canopy at Cajanuma is low and irregular 
and gaps are common. Light penetration may 
thus contribute to the high abundance and di- 
versity in the lowest tree section. 


Substrate 


In all three vertical sections, more than half of 
the epiphyte stands were found on bark (FIGURE 
4). Plants growing in minor humus deposits were 
mainly found in sections 1 and 2, and plants from 
large humus deposits were most common in sec- 
tion 2. 

Twenty-nine species had at least half of their 
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FIGURE 3. Numbers of epiphytic species (horizon- 
tal axis) found in the three tree sections. 


stands on bark, and the following species had 
more than 90% of their stands on bark: Fernan- 
dezia subbiflora, Maxillaria sp. 5, Pleurothallis 
sp. 5, Stelis sp. 7, and Orchidaceae sp. 5. Three 
fern species (Asplenium cuspidatum, Grammitis 
subtilis, and Vittaria remota), accidental epi- 
phytes (e.g., Myrsine sp.), casual epiphytes (e.g., 
Semiramisia speciosa, Disterigma pentandrum, 
and Ceratostema cf. lanceolatum), and hemi- 
epiphytes (e.g., Anthurium sp. 1 and Clusia sp.) 
are most common on minor humus deposits. 
Finally, two species (Elaphoglossum sp. 5 and 
Hymenophyllum multialatum) had ca. half of 
their stands on large humus deposits. 

These substrate preferences may relate to dif- 
ferences in the amount of humus accumulated 
in the sections where the species occurred. In 
most cases, the common occurrence on bark was 
probably the result of most of the available tree 
surface not being covered by humus deposits. 
Minor humus deposits were mainly found as de- 
bris trapped by interwoven bryophytes and small 
scrambling ferns. Patches of humus accumulated 
in this way covered considerable areas on the 
lower parts of the trees. Most of the species that 
were most common on this substrate category 
have life forms that are characterized by a de- 
pendency on soil. Large humus deposits provide 
the plants growing in them with an ample and 
stable source of water and nutrients (Benzing, 
1987). Such deposits were mainly found around 
the bases of large specimens of Maxillaria sp. 1, 
Tillandsia cf. wurdackii, Tillandsia tetrantha, or 
Elaphoglossum sp. 6. which were most common 
in section 2. 

The above mentioned patterns are similar to 
those found in lowland forests by Johansson 
(1974) in Liberia and ter Steege and Cornelissen 
(1989) in Guyana. However, those authors re- 
ported greatest epiphytic diversity and density 
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FIGURE 4. Numbers of stands (horizontal axis) of 
all species (including accidental epiphytes) found root- 
ed in the three substratum classes in the three tree 
sections. 


on humus accumulations on large canopy 
branches. In the Cajanuma plot, the epiphytes 
appeared more independent of humus deposits. 
Although most large deposits were found in sec- 
tion 2, most epiphytes occurred on bare bark 
even in that section. Climatic differences be- 
tween montane and lowland regions (Grubb & 
Whitmore, 1966) provide a possible explanation 
for the relative independence of epiphytes from 
humus found in the present study. The water- 
storing properties of humus deposits may be less 
important in a wet montane climate where fog 
occurs frequently. 


CONCLUSIONS 


Conditions in wet montane forests are more 
favorable to epiphytes than in lowland regions. 
But even in the montane forest studied here, 
which had high epiphytic diversity and density, 
the majority of the epiphyte species had narrow 
vertical distributions. The distribution of some 
species may be affected by a preference for a 
certain type of substrate. A prime advantage of 
being rooted in humus deposits is access to a 
relatively stable water supply (Benzing, 1987). 
At Cajanuma, very few species appeared to de- 
pend on such deposits. 

Vascular epiphytes constitute a significant part 
of rain forest floras and they play an important 
role in elemental cycling (Nadkarni, 1984; Gen- 
try & Dodson, 1987). Studies of rain forests 
should therefore always include studies of the 
epiphytes. This applies especially to montane rain 
forests, which are extremely rich in epiphytes. 
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APPENDIX 1. List of taxa found on the surveyed trees. Abundance values and life form abbreviations are defined 
in the text. All vouchers are deposited at AAv. Collection numbers are in parentheses. 





Rel. Rel. Rel. 
Life dens. cov. freq. 
form (%) (%) (%) IVI 

Alstroemeriaceae 

Bomarea sp. (A. Begh 47836) ac 0.03 0.00 0.11 0.14 
Aquifoliaceae 

Tlex sp. (A. Bogh 47837) ac 0.05 0.01 0.11 0.17 
Araceae 

Anthurium sp. 1 (A. Bogh 47838) ph 0.55 4.05 1.22 5.82 

A. sp. 2 (A. Begh 47839) ph 0.10 (0.11 0.22 0.43 

A. sp. 3 (A. Bogh 47840) ph 0.05 0.16 0.11 0.32 
Araliaceae 

Oreopanax sp. (A. Bøgh 47842) ac 0.03 0.04 0.11 0.18 

Schefflera sp. (A. Bøgh 47843) ph 0.33 0.38 1.00 1.71 
Aspleniaceae 

Asplenium cuspidatum Lam. (A. Begh 47844) t 4.70 0.84 2.60 8.14 
Asteraceae 

cf. Asteraceae sp. 1 (A. Begh 47845) ac 0.15 0.03 0.44 0.62 

cf. Asteraceae sp. 2 (A. Bogh 47898) ac 0.03 0.02 (0.11 0.16 

cf. Asteraceae sp. 3 (A. Bogh 47986) ac 0.03 0.13 0.11 0.27 

cf. Asteraceae sp. 4 (A. Begh 47978) ac 0.08 0.01 0.33 0.42 
Blechnaceae 

Blechnum fragile (Lieb.) C. Chr. (A. Begh 47845) ac 0.08 0.03 0.22 0.33 
Bromeliaceae 

Guzmania gloriosa (André) André ex Mez (A. Bøgh 47847) t 105 5.38 3.21 9.64 

Tillandsia adpressa André (A. Begh 47848) t 4.88 5.13 2.99 13.00 

T. complanata Benth. (A. Bogh 47849) t 0.45 0.97 0.89 2.31 

T. tetrantha R. & P. (A. Bogh 47850) t 1.05 5.17 2.00 8.22 

T. cf. wurdackii L. B. Smith (A. Begh 47851) t 0.70 7.00 2.11 9.81 

Vriesea sp. nov. aff. V. drewii L. B. Smith (A. Bogh 47852) t 1.38 2.51 1.88 5.77 
Celastraceae 

Celastraceae sp. (A. Bogh 47979) ac 0.15 0.01 0.44 0.60 
Chloranthaceae 

Hedyosmum translucidum Cuatrec. (A. Bøgh 47855) ac 0.08 0.10 0.22 0.40 
Clusiaceae 

Clusia sp. (A. Begh 47856) ph 0.75 0.14 1.55 2.44 
Cunoniaceae 

Weinmannia glabra L. f. (A. Bøgh 47858) ac 0.08 0.02 0.11 0.21 
Dioscoreaceae 

Dioscorea sp. (A. Bøgh 47859) ac 0.03 0.00 0.11 0.14 
Dryopteridaceae 

Elaphoglossum cf. lloense (Hook.) Moore (A. Bøgh 47860) t 1.68 1.71 3.43 6.82 

E. sp. 1 (A. Begh 47861) t 3.10 1.68 2.44 7.22 

E. sp. 2 (A. Begh 47862) t 1.00 0.56 1.77 3.33 

E. sp. 3 (A. Begh 47863) t 1.223 0.57 1.77 3.57 

E. sp. 4 (A. Begh 47864) t 0.40 0.67 0.89 1.96 

E. sp. 5 (A. Begh 47865) t 0.95 1.57 1.55 4.07 

E. sp. 6 (A. Bogh 47866) t 0.25 0.17 0.89 1.31 

E. sp. 7 (A. Begh 47867) t 0.03 0.09 O.11 0.23 


Ericaceae 


Cavendishia bracteata 
(R.&P. ex J. st. Hil.) Hoer. (A. Begh 47869) ca 0.10 0.27 0.33 0.70 
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Rel. Rel. Rel. 
Life dens. cov. freq. 
form (96) (96) (96) IVI 
Ceratostema cf. lanceolatum Benth. (A. Begh 47870) t 0.43 1.09 1.33 2.85 
Disterigma acuminata (H.B.K.) Nied. (A. Bogh 47871) ca 0.00 0.27 0.22 0.54 
D. pentandrum Blake (A. Begh 47872) t 0.58 | 424 1.44 6.26 
D. cf. humboldtii Klotzsch (A. Bøgh 47873) ca 0.10 088 0.44 1.42 
Semiramisia speciosa (Benth.) Klotzsch (A. Begh 47874) ca 0.43 3.33 1.33 5.09 
Sphyrospermum cordifolium Benth. (A. Begh 47875) t 1.15 0.83 2.55 4.53 
Gesneriaceae 
Columnea strigosa Benth. (A. Bogh 47876) ac 0.05 0.02 0.11 0.18 
Hymenophyllaceae 
Hymenophyllum fucoides (Sw.) Sw. (A. Begh 47877) t 0.90 5.58 2.11 8.59 
H. cf. microcarpum Desv. (A. Bøgh 47880) t 0.08 0.08 0.33 0.49 
H. multialatum Morton (A. Begh 47878) t 0.55 2.16 1.44 4.15 
H. cf. myriocarpum Hook. (A. Begh 47881) t 1.48 6.34 1.88 9.70 
H. cf. polyanthos (Sw.) Sw. (A. Bogh 47882) t 0.10 0.36 0.44 0.90 
H. undulatum (Sw.) Sw. (A. Begh 47879) t 0.20 0.47 0.78 1.45 
Trichomanes hymenophylloides Bosch (A. Bøgh 47883) t 0.08 0.16 0.33 0.57 
Lobeliaceae 
Siphocampylus scandens (H.B.K.) G. Don (A. Begh 47854) ac 0.05 0.02 022 0.29 
Loranthaceae 
Aetanthus dichotomus (R.&P.) Kuijt (A. Bogh 47884) pa 0.03 4.10 O11 4.24 
Dendrophthora lueri Kuijt (A. Bogh 47886) pa 0.05 0.31 O.11 0.47 
Gaiadendron punctatum (R.&P.) G. Don (A. Begh 47887) ac 0.05 0.01 O11 0.17 
Lycopodiacae 
Huperzia callitrichifolia (Mett.) Holub (A. Bogh 47890) t 0.03 0.00 0.11 0.14 
H. heteroclita (Poiret) Holub (A. Begh 47891) t 0.00 0.00 0.11 0.14 
H. subulata (Poiret) Holub (A. Begh 47889) t 0.03 0.02 0.11 0.16 
H. tenuis (Willd.) Trevisan (A. Begh 47888) t 0.03 0.09 0.11 0.23 
Melastomataceae 
Miconia sp. 1 (A. Begh 47892) ac 0.08 0.00 0.33 0.41 
M. sp. 2 (A. Bogh 47893) ac 0.08 0.01 0.22 0.31 
M. sp. 3 (A. Begh 47894) ac 0.05 0.01 0.22 0.28 
M. sp. 4 (A. Begh 47895) ac 0.03 0.01 0.11 0.15 
M. sp. 5 (A. Begh 47897) ac 0.00 0.00 0.11 0.14 
Myrsinaceae 
Myrsine sp. (A. Bøgh 47899) ac 0.38 0.19 ` 0.56 1.13 
Orchidaceae 
Elleanthus maculatus (Lindl.) Rchb. f. (A. Bøgh 47900) t 1.35. "3:12 1.22 5.69 
cf. Epidendrum sp. (A. Begh 47903) t 0.03 0.02 0.11 0.16 
Fernandezia subbiflora R. & P. (A. Begh 47904) t 0.40 0.01 0.66 1.07 
omes ballatrix Luer (A. Begh 47905) t 0.58 0.20 0.89 1.67 
L. monoptera Lindl. (A. Begh 47906) t 0.08 0.01 0.33 0.42 
L. mucronata Lindl. (A. Begh 47907) t 1.38 0.29 1.77 3.44 
L. rhombipetala Schltr. (A. Begh 47908) t 0.48 0.33 1.22 2.03 
L. sp. 1 (A. Begh 47909) t 0.08 0.02 0.22 0.32 
L. sp. 2 (A. Bøgh 47910) t 0.05 0.02 0.11 0.18 
Masdevallia sp. 1 (A. Begh 47911) t 0.45 0.09 0.22 0.76 
M. sp. 2 (A. Bogh 47912) t 0.08 0.02 0.22 0.32 
M. sp. 3 (A. Bogh 47913) t 0.03 0.03 O11 0.17 
Maxillaria alpestris Lindl. (A. Bøgh 47918) t 0.73 0.19 0.89 1.81 
M. sp. 1 (A. Bøgh 47915) t 0.28 5.58 0.78 6.64 
M. sp. 2 (A. Bøgh 47916) t 0.28 0.09 0.55 0.92 
M. sp. 3 (A. Bøgh 47917) t 0.08 0.02 0.22 0.32 
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Rel. Rel. Rel. 
Life dens. cov. freq. 
form (%) (96) (96) IVI 
M. sp. 4 (A. Begh 47948) t 0.15 0.55 0.22 0.92 
M. sp. 5 (A. Begh 47919) t 0.88 0.0 122 2.20 
cf. Odontoglossum sp. 1 (A. Bøgh 47920) t 0.48 0.11 0.33 0.92 
cf. O. sp. 2 (A. Begh 47921) t 0.13 0.04 0.22 0.39 
cf. O. sp. 3 (A. Begh 47922) t 0.50 0.18 O11 0.79 
Oncidium sp. 1 (A. Begh 47923) t 0.65 0.12 1.33 2.10 
O. sp. 2 (A. Bøgh 47924) t 0.23 0.43 0.89 1.55 
Pachyphyllum pectinatum Rchb. f. (A. Bøgh 47925) t 0.33 0.04 0.33 0.70 
Pleurothallis nipterophylla Luer (A. Bøgh 47928) t 0.05 0.03 0.22 0.30 
P. sp. 1 (A. Bøgh 47926) t 0.83 0.99 1.22 3.04 
P. sp. 2 (A. Begh 47927) t 0.38 0.69 1.00 2.07 
P. sp. 3 (A. Begh 47945) t 0.65 0.16 0.66 1.47 
P. sp. 4 (A. Begh 47929) t 0.05 0.02 0.22 0.29 
P. sp. 5 (A. Begh 47932) t 4.50 1.95 1.77 8.22 
cf. P. sp. 6 (A. Bogh 47930) t 0.40 0.26 0.55 1.21 
Stelis sp. 1 (A. Bogh 47933) t 17.07 227 3.33 22.67 
S. sp. 2 (A. Bogh 47934) t 4.38 2.22 1.33 7.93 
S. sp. 3 (A. Bogh 47935) t 2.68 1.11 1.77 5.56 
S. sp. 4 (A. Bogh 47936) t 125 0.20 0.66 2.11 
S. sp. 5 (A. Bogh 47937) t 0.65 0.71 0.44 1.80 
S. sp. 6 (A. Bogh 47938) t 0.10 0.01 0.22 0.33 
S. sp. 7 (A. Bogh 47939) t 2.05 0.45 1.11 3.61 
S. sp. 8 (A. Bogh 47940) t 0.03 0.00 0.11 0.14 
cf. Telipogon sp. (A. Bogh 47942) t 0.08 0.00 0.22 0.30 
Trichosalpinx sp. 1 (A. Bogh 47943) t 0.03 0.00 0.11 0.14 
T. sp. 2 (A. Bagh 47944) t 0.08 0.00 O11 0.19 
Orchidaceae sp. 1 (A. Begh 47901) t 0.05  O.ll 0.11 0.27 
Orchidaceae sp. 2 (A. Begh 47946) t 0.03 0.01 O11 0.15 
Orchidaceae sp. 3 (A. Begh 47951) t 0.08 0.03 0.11 0.22 
Orchidaceae sp. 4 (A. Begh 47947) t 5.41 0.01 0.66 6.08 
Orchidaceae sp. 5 (A. Bøgh 47949) t 0.00 0.03 0.22 0.30 
Orchidaceae sp. 6 (A. Bogh 47950) t 0.08 0.04 0.33 0.45 
Piperaceae 
Peperomia sp. 1 (A. Begh 47953) t 0.65 0.58 0.89 2.12 
P. sp. 2 (A. Bogh 47954) t 0.18 0.16 0.44 0.78 
P. sp. 3 (A. Bogh 47955) ac 0.08 0.01 0.22 0.31 
Poaceae 
Chusquea sp. (A. Bøgh 47956) ac 0.38 0.06 0.89 1.33 
Polypodiaceae 
Campyloneurum angustifolium (Sw.) Fée (A. Bøgh 47957) t 0.33 0.38 1.00 1.71 
Grammitis dependens (Bak.) Morton (A. Begh 47958) t 0.10 0.17 0.33 0.60 
G. subtilis (Kze. & Klotzsch) Morton (A. Begh 47963) t 0.40 0.03 0.55 0.98 
G. taxifolium (L.) Proctor (A. Begh 47964) t 0.15 0.10 0.22 0.47 
G. cf. variabilis (Mett. ex Kuhn) Morton (A. Bogh 47965) t 0.28 0.14 0.55 0.97 
G. sp. 1 (A. Begh 47959) t 4.90 1.42 2.66 8.98 
G. sp. 2 (A. Begh 47960) t 018 O12 0.55 0.85 
G. sp. 3 (A. Begh 47961) t 0.20 0.26 0.66 1.12 
G. sp. 4 (A. Bogh 47962) t 0.03 0.01 0.11 0.15 
Polypodium bolivianum Rosent. (A. Begh 47966) t 0.05 0.15 0.22 0.42 
P. sessilifolium Desv. (A. Bogh 47967) t 0.13 0.48 0.33 0.94 
P. subandinum Sod. (A. Begh 47968) t 0.40 0.24 1.22 1.86 
Rubiaceae 
Psychotria sp. 1 (A. Begh 47969) ac 0.03 0.01 0.11 0.15 
Solanaceae 
Solanaceae sp. (A. Bøgh 47857) t 0.08 0.10 0.33 0.51 
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Symplocaceae 
Symplocos sp. (A. Begh 47971) 


Valerianaceae 


Valeriana clematitis H. B. K. (A. Bogh 47972) 
V. laurifolia H. B. K. (A. Begh 47973) 


Vitaceae 
Cissus sp. (A. Begh 47974) 


Vittariaceae 
Vittaria remota Fée (A. Begh 47975) 


Winteraceae 
Drimys granadensis L. (A. Bagh 47976) 


Undetermined taxa 


undetermined sp. 1 (A. Begh 47980) 
undetermined sp. 2 (A. Begh 47982) 
undetermined sp. 3 (A. Bogh 47983) 
undetermined sp. 4 (A. Bøgh 47984) 
undetermined sp. 5 (A. Bogh 47986) 
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0.05 


0.05 
0.03 
0.03 
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0.11 


0.33 
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0.22 
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0.11 
0.11 


IVI 


0.16 


0.48 
0.14 


0.17 
9.98 
0.27 


0.27 
0.14 
0.14 
0.14 
0.15 





